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Representative synthesis of the organic one-electron acceptors
The synthesis of the 2-(2,3,5,6-tetrachlorophenyl)-1,1,2-tricyanoethylene (2,3,5,6-Cl4PTCE, 6) is described in detail here as a representative example of the synthesis used to prepare the family of organic one-electron acceptors.
2-(2,3,5,6-Tetrachlorophenyl)-1,1-dicyanoethylene (4).
In a 100 mL round bottom flask, 2,3,5,6-tetrachlorobenzaldehyde (6, 2.61 g, 10.7 mmol), and malononitrile (718 mg, 10.9 mmol) were suspended in 100% ethanol (55 mL) at room temperature. While stirring, 2 drops of piperidine were added to initiate the reaction, causing all reactants to dissolve within one minute. The reaction was stirred at room temperature for 30 minutes, during which a white precipitate began to form. The stirbar was then removed and distilled water (5 mL) was added to induce further precipitation of the product. The flask was sealed with a rubber septum and transferred to a freezer overnight. The precipitated off-white crystals were collected by filtration (using a Büchner funnel), rinsed thoroughly with ice-cold 95% ethanol, and dried by suction. The crystals were then dried in open air for several days to yield an off-white, crystalline solid of 7 (2.58 g, 83 %); 1 H NMR (400 MHz, CDCl3, vs. TMS): δ 7.87 (s, 1H), 7.77 (s, 1H).
2-(2,3,5,6-Tetrachlorophenyl)-1,1,2-tricyanoethane (5).
In a 250 mL round bottom flask, 2-(2,3,5,6-tetrachlorophenyl)-1,1-dicyanoethylene (7, 2.44 g, 8.36 mmol) was suspended in 100% ethanol (100 mL), and the reaction was cooled to 0 o C in an ice/water cooling bath. In a separate S6 flask, two equivalents of KCN (1.09 mg, 16.8 mmol) were dissolved into distilled water (50 mL) and the flask was cooled to 0 o C before quickly adding the solution to the reaction flask. Within the first few minutes of the reaction, all reactants entered solution without a significant color change. The reaction was allowed to stir at 0 o C for 1 hour. Concentrated HCl was then added dropwise until the bulk solution became acidic (pH = 2-3 as measured with pH paper). The reaction was allowed to stir for an additional 15 minutes at 0 o C after HCl was added. The stirbar was then removed and ice-cold distilled water (50 mL) was added to induce further precipitation of the product. The flask was sealed with a rubber septum and transferred to a freezer overnight. The resulting off-white crystals were collected by filtration (using a Büchner funnel), rinsed thoroughly with ice-cold 95% ethanol, and dried by suction. The crystals were then dried in open air for two days to yield an off-white, crystalline solid of 8 (2.03 g, 76 %); 1 H NMR (400 MHz, CDCl3, vs. TMS): δ 7.84 (s, 1H), 5.62 (d, 1H), 4.92 (d, 1H).
2-(2,3,5,6-Tetrachlorophenyl)-1,1,2-tricyanoethylene (6).
To a 500 mL round-bottom flask equipped with a stirbar, 2-(2,3,5,6-tetrachlorophenyl)-1,1,2-tricyanoethane (8, 1.51 g, 5.97 mmol), water (200 mL) and diethyl ether (200 mL) were added and the mixture was cooled to 0 o C in an ice/water cooling bath. Upon cooling, N-chlorosuccinimide (950 mg, 7.01 mmol) was added to the solution, and the reaction was stirred vigorously for 3 hours at 0 o C. After the stirring was turned off and the two solvent layers settled completely, the ether layer was separated and washed with water (3 x 300 mL) to remove residual NCS. The ether fraction was dried over anhydrous sodium sulfate, and evaporated in vacuo, leaving a crystalline crude product. The final product was then purified by silica gel column chromatography with a dichloromethane mobile phase to yield light yellow crystals of 9 (1.80 g, 81 %). 1 
